Recent IR Metrology Work on MPI

21 January, 1997



OUTLINE

1. Objectives

2. Tools

3. Measurements
4. Results

5. Futurework



Objectives of MPI Metrology Work

* Overhaul MPI infra—red metrology system

* Understanding the laboratory environment and its ef-
fect on MPI

* Bridge the gap between the MAM "disturbance free"
metrology environment and the MPI "disturbance rich"
metrology environment

Seminar Objectives

* Report on recent IR-metrology related work at MPI

* Receive feedback, to be used for planning subsequent
work



Tools

* Sensors

—IR metrology sensors — oldstyle, refurbished
—IR beam pointing sensor
—Temperature probes, ~ 2 mK resolution

Calibration of metrology and pointing sensors:
micrometer driven stage to impart known displacement
to sensor

* Disturbances

1. Controlled:
— Simulated HST reaction wheel disturbance, at
2618 rpm
—Siderostat—-induced disturbance:
— open-loop slew
— closed loop operation

2. Uncontrolled: Laboratory thermal and vibration
environment
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BEAM LALMRCHER
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MEASUREMENTS

1. Long term (days), for insight into MPI operation

2. Short term (seconds), for insight into MAM/MPI
metrology "bridge"



ARRANGEMENT FOR LONG-TERM MEASUREMENTS

B EvPERATURE PROBE

-<—P» RVETROLOGY BEAM

W. CORNER CUBES

IR METROLOGY BEAM,
NO CORNER CUBES

METROLOGY BOOM (SIM)

OPTICS BOOM (S-O-S)

OPTICAL TABLE (STAR)



Ambisnt Temperature Induced MPI Length Changes
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ypu _ MICRO-PRECISION INTERFEROMETER TESTBED:
INTEGRATION AND TESTING OF CSI TECHNOLOGIES
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Pointing Change, 10 cm Baseline Optical Table Temp. Change

-0.01 0.2 ‘ ‘ ‘
-0.02 0f
-0.03f £-0.2
Q
~ (@]
© C
S _0.04} E-04
e &)
= e
£ E
© -0.05F ®© -0.6
> 2
€
-0.06} 2 -0.8
-0.07¢ -1y
-0.08 : : : -1.2 : : : :
0 0.02 0.04 0.06 0.08 0 10 20 30 40 50
X=drift (mrad) Time after 3 pm, Friday (hours)
Horizontal Pointing Drift Vertical Pointing Drift
0.07 ‘ ‘ ‘ ‘ -0.01 ‘ ‘ :
0.06 -0.02¢
—-0.03j
0.05
=) =)
g S -0.04
£ E
= 0.04 =
S T -0.05}
< =
0.03
-0.06
0.02 —0.07}
0.01 ‘ ‘ ‘ ‘ -0.08 ‘ ‘ ‘ ‘
0 10 20 30 40 50 0 10 20 30 40 50

Time after 3 pm, Friday (hours) Time after 3 pm, Friday (hours)



ARRANGEMENT FOR SHORT-TERM MEASUREMENTS

—P RVETROLOGY BEAM

METROLOGY BOOM (SIM)

OPTICS BOOM (S-O-S)

HEXAPOD

OPTICAL TABLE (STAR)
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PSD of horizontal pointing fluctuations (urad/rootHz)
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Comparison of Ambient/SID-SLEW for S—O-S Pointing Fluctuations
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PSD of horizontal pointing fluctuations (urad/rootHz)
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Ambient/HST with Active Isolation for S—O-S Pointing Fluctuations
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Bisturbance Source

RMS Pointing Fluctiiations of IR Beams {zrad)

Mate: S|4 ar}_d S-0-5 data taken one day apart

0.1-1 Hz 110 Hz 10-100 Hz [ 100-1000 Hz | All Fregs.
[ SOMN-OF-SIM
Ambient 1.49~6.9pm { 0.427~2pm | 0.067~0.3pin | 0.11~05pm | 1.55~7. 1pm
ST y-react. wheel, pas. isol 3.1 1.74 (.13 021 3.56 |
| HST y-react. wheel, act, isol. 157 0.56 0.1 .22 168 '
5|0 w. active contral 1.12 0.46 (.13 (.44 1.3 i
SID slewing 1575 min. 2.56 2.67 0.25 0.82 3.8
' SIM
| Ambient 3.45 2.7 1.24 0.38 [ 457 |
Another ambiant 4 5Q 2.8 (.36 (3,532 5.4 i
MST y-react. wheel, pas. iscl, 4. 04 387 1.24 .37 h.F
HST y-react. wheel, act. isol. I 4.3p 406 1.53 0.33 65.78
MST %-react. wheel, act. isol. 477 TR 6T 1.66 0.49 7.6
SICH w. active control 4.13 3.89 1.15 0.8k 5.B5
>0 w. halding torque 3.24 2.860 0.99 (.43 4,46 '
SID slewing 15°/5 min. 5.93 3.85 1.13 0.74 72

—




PSD of OPD fluctuatations (nm/rootHz)
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SIM OPD Fluctuations: Ambient compared to HST w. Active Isolation
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| Disturbance Source RMS OFD Fluctuations of IR Beams {nm}
{ .1-1 Hz | 1-10 Hz | 10-100 Mz | 100-1G00 Hz | All Fregs. |
SON-OF-SINM s
| Ambient] 725 316 794 5.8 143 .
Ambient2 10.6 16.3 7.7 78.6 105.6
Ambient3 5.95 10 45,4 521 | 770
Ambientd 9.26 101 51.9 522 746G
HST y-react. whesl, passive izel. | 623 19.4 53.2 51.7 aRE |
HST y-react. wheel, active iscl. | 205 20.4 52 53.5 806 |
SID w. active control 41,5 Ej? B3.4 885 1228
| SID w. hoiding torque 201 230 | BB (6.5 93 7
SIT slewing 15775 min. - 267 1 1% k1.2 | 563 534
SIM
Ambientl 21.4 144.3 871 78.1 183 4
Ambient2 443 121.4 70.2 74.3 164.7
Ambient3 200 103.2 £5.7 58.1 138.7
Ambientd 224 375 58 57 9.3
H5T y-react. wheel, passive isol, 757 129.2 616 60.6 6338
M3T y-react. wheel active isgl, 65.3 1454 | 1291 ] 212.2
SID w. active control G a4.2 7.5 147.5
SID w. holding torque 53.6 1026 5.4 75 157.2
1 51D slewing 1595 min. 54.1 4G 4 7T 825 159.7
Mote: SIM and S-0-% data taken simultaneously
SON-OF-SIM/STAR Optical Table Comparison
[ 5-0-5, ambient 2] 7.0 36 T 247 46
STAR, ambiant [ 944 47 5.9 [ 156 | 1046

[ Moter STAR and 5-0-5 data taken simultaneysly




Conclusions

. Observed long term pointing fluctuations could
explain coarse acquisition noise

. Observed longterm OPD changes are consistent with
pure thermal expansion

. Beam launcher design must address thermal stability

. Siderostat slewing disturbance causes largest IR beam
pointing fluctuations.

. Measured ambient-induced beam pointing fluctuations
correspond to a 7.1 pm OPD error for S-O-S and
24.8 pm for SIM

. Estimated spacecraft-induced disturbances are at or
below the MPI ambient levels



Future Work?

1. Understand and attempt to control the ambient
disturbances

2. Devise ways to measure below ambient disturbances

3. Add metrology triangle to MPI and triangulate on a
siderostat

4. New IMOS validation measurements

5. Your suggestions





